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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
BUREAU  OF  HOME  ECONOMICS 
WASHINGTON,  D.  C. 


SUMMARY  OF  HOME  CANNING  EXPERIMENTS  SHOWING  EFFECT  OF  DIFFERENT 
TIMES  AND  TEMPERATURES  .OF  PROCESSING  ON  THE  KEEPING 
QUALITY  OF  THE  CANNED  FOODS 

By  Mabel  C.  Stienbarger ,  Associate  Specialist  in  Foods, 
.  .        Foods  and  Nutrition  Division 


This  report  brings  together  results  of  experiments  on  home  canning 
methods  begun  by  the  former  Office,  of  Home  Economics  in  1917  and  continued 
by  the  Bureau  of  Home  Economics.     These  data  have  furnished  the  basis  of  th 
published  recommendations  of  the  bureau  as  to  times  and  temperatures  for  th 
processing  of  the  different  foods.     Some  features  of  the  experimental  work 
required  the  storing  of  the  canned  foods  over  periods  of  years,  for  the 
purpose  of  comparison  with  others  in  which  spoilage  was  forced  by  incuba- 
tion.    With  all  the  facts  in  h^nd,   ^nd  in. view  of  the  considerable  varia- 
tion that  obtains  in  recommendations  for  home-canning  methods,  the  bureau 
now  makes  available  the  detailed  data. 

The  periods  of  time  elapsing  between  the  processing  and  the  opening 
of  the  containers  varied  from  about  two  months  to  five  years,   and  averaged 
about  one  year.'   In  general,   those  opened  earliest  showed  the  least  spoil- 
age, while  those  stored  eight  months  or  longer  showed  higher  percentages 
of  spoilage.     Most  of  the  canned  foods  were  held  in  the  laboratories  in 
Washington,  where  room  temperatures  during  the  summer  are  favorable  to 
bacterial  growth. 

Bacteriological  examinations  were  made  on  a  part  of  the  canned " foods , 
but  many  were  given  only  cursory  examinations  for  the  usual  signs  of 
spoilage,   such  as  condition  of  container,  and  appearance,   odor,  and 
sometimes  flavor  of  food.     It  is  probable  that  some  of  the  containers 
given  rather  low  scores  but  not  classed  .r  e  spoled  would  have  been  shown 
to  be  potentially  dangerous  by  bacteriological  tests.     They  are  not 
recorded  here  as  spoiled.     Containers  noted  as  having  imperfect  closures 
are  excluded  from  this  summary. 
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Table  1.     Experimental  data  on  canned  foods  processed  at  temperatures  near  212°F. 
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Table  3.  Experiment'- 1  date  on  canned  foods  processed  in  the  steam  pressure  cmner 


Food 

Year 
canned 

Containers 

in  lot  '  ..... 

Blanch- 
ing 
period 

U.  J- u 

Fressure 

Time,  of 
processing 

Containers 
spoiled 

Nc 

Min. 

Lbs. 

Min.- 

No. 

i 

Asparagus 

1  920 

X  7  C  U 

■  CM  P  R  R 

7 

4 

T)"fc  a 

k/  w  4 

•  A 

I  ©  S 

  DU 

0 

00 

ii 

.  _} 

11 

II 

/ 

II 

1  n 

.■■■«.         OU     ■.,  . 

0 

oo-* 

•  •  \\ 

11 

II 

3 

1  0 

.  : 

i 

X 

?0 
c.  U 

...  ii  

10 

ti 

&  qt;.11 

0. 

0 

00 
uu 

u 

.p2 

c  n  n  s; 

1  0 

00* 
uu 

ii             ■  • 

3 

v~t . 

glels  s 

3-4 

1  0 

ap; 

0 

00* 

ii 

1  923 

.  ..6. 

7/ 

cansi 

u~  j 

1  0 

X  V7 

^p; 

-  0 

00* 

ii 

11 

it 

11  \ 

0-3 

1  0 

■   .  XV7 

AC) 

■  0 

00* 

ii      ■    ■   :  '• 

1925- 

16 

p  t . 

£?lass-  •  ■ 

'  3-4 

X  \J 

30 

'    1  9 

-L  7 

H              ■■      •  " 

18 

•  11, 

;  "  ■  J!  ■ 

■  3-4 

3^ 

1 

A* 

it 

12 

■  11 

II    ;"  V 

3-4 

-    ■  ••  I 

10  ' 

4o 

0 

00* 

ii  • 

7 

n 

I  t  \ 

3-4 

1  0 

X  \J 

ap; 

•  0 

00* 

Beets 

1921 

2 

at . 

"  1 

10 

•••  AO 

1 

^0 

1! 

1 

11 

II  5. 

90     "•'  ' 

'  0 

•  00 

n 

1922 

6 

#2 

cpns  ! 

0-10 

J 

'  0 

00 

n 

O 

11 

11  '  j 

Q-l  0 

f— •  XVJ 

1  0 

X  \J 

i 

17* 

f!  n  r*n 

1  91  9 

2 

cans  ; 

1 

■  1 

50 

II 

Q 

11 

"  I 

c 

j 

c 
J 

Of) 

0 

00 

II 

'  4' 

qt . 

Sl -  86  ; 

7 

10 

60 

'  0 

00 

It 

8 

#2 

cans  '■■ 

a 
j 

10 

60 

0 

00 

II 

11 

■11    ■  ■• 

A  ;. 

7 

20 

p; 

100 

1  II 

7 

...  .1. 

11 

11 

p. 

1  % 

^0  "  ' 

  7.v        .  . 

A 

57 
7  1 

II 

9 

at . 

2 1 P  s  s 

0-5 

y  ? 

1  ^ 

RO 

1 

11 

:•  !,  : 

1921 

23 

#2- 

cans 

90 

2 

9 

ii 

16 

.  J» 

it 

p; 

i  n 

.  X  \J 

AO 

0 

00 

ii 

1922 

24 

pt , 

<y~\  r-  R  fa 

p: 
j 

 .1  c  . 

AD 
oy 

4 

1  7 

ii 

10 

11 

11  !  : 

c 
j 

1  p; 

0 

00 

vy 

ii  'V* 

24 

at' 

11  I  . 

a  ■ 

i  p; 

'70  ' 

4 

1 7 

x  / 

ii 

12 

11 

11  [ 

c 

ip 

an 

0 

00* 

Lime  beans 

1919 

7 

it 

11 

c 

7 

90 

0 

00 

uu 

n  ii- 

4 

11 

it 

c  ■  '  ■ 

ap; 

V7 

00 
uu 

ii  ii 

4 

11 

11  '. 

c 
J 

1  n 

AO 

0 

00* 

u  ii 

6 

#2. 

cansi 

AO 

0 

00* 

ti  it 

#3 

11  :i  ' 

An 

0 

00* 

ii  ii 

1920 

9 

qt . 

glr  S;'s ' 

•••••  ■  ■■  -c; 

90 

7  V 

0 

00- 

it  it 

3 

11 

".. 

 c;  

7/ 

4  ... . 

4^; 

0 

00 

ii  it 

7 

/r2 

Crn6 

7 

1  n 

AO 

0 

00* 

H  H 

4 

'#3 

It 

5 

10 

50 
7  w 

0 

00 

it  ii 

3 

11 

It 

5 

10 

60 

0 

00* 

n  it 

1922 

4 

pt. 

gl^ss 

12 

10 

45 

0 

00 

41  It 

14 

n 

11 

10-12 

•  10 

60 

2 

14* 

It  If 

/ 
■+ 

qt , 

It 

12 

10 

60  ;| 

1 

25* 

Peas 

1919 

3 

qt . 

II 

i 

:  5 

90 

1 

33 

ii 
ii 

4 

fr3 

cms 

5 

5 

90 

2 

50 

3 

qt. 

glr  ss 

10 

10 

45 

0 

00 

ii 

4 

11 

ti 

10 

15 

40 

0 

00* 

*Asterisks  indicate  processes  that  are  qquivalent  in  temperature  to  present 
day  processes. 
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Table  3-  Continued 


.  Food 

Y PiFi  r» 
i  o  a  x 

f*      Y\  VI  A  A 

Containers 
in  lot 

Bl^nch- 

ing  ' 
Period 

UOlU 

dip 

Pressure 

Time  cf 
processing 

Containers 
spoiled 

No. 

Mini 

Lbs . 

Min. 

No. 

i 

Peas 

1920 

5 

qt 

. glrss 

3 

— 

'  5 

60 

1 

20 

5 

cans 

5 

— — 

5 

75  , 

0 

00 

" 

4 

qt 

.  gl  P.  s  s 

3 

— 

5 

90 

0 

00 

6 

£2 

ens 

5 

— 

10 

30  • 

0 

00 

5 

qt 

. glass 

3 

— 

10 

45 

2 

40 

1922 

8 

#2 

cans 

0-3 

— 

10 

25 

5 

63 

"    ,  large 

10 

pt 

. gl'  PS 

0-5 

lb 

40 

7 

70 

13 

it 

ii 

0-5 

10 

50 

0 

00* 

Spinach 

1919 

4 

qt 

ti 

5 

— — 

5 

60 

1 

25 

ii 

2 

H 

. ...  ti 

5 

— ■  ■ 

5 

75 

0 

00 

ti 

5 

#2 

cans 

5 

— — . 

5 

75 

0 

00 

ii 

3  qt, 

gl  s  s  s 

5 

 _ 

10 

30 

00 

ti 

7 
f 

it 

ti 

5-15 



10 

40 

J 

43 

ti 

O 

7TJ 

cans 

5 

10 

40 

0 

00 

String  beans 

1919 

qx 

. glrss 

5 



5 

90 

o 

00 

IJ  II 

c 

J 

ii 

it 

■•  5 

_ ,  _■  ■ 

8 

50 

o 

00 

II                II  ^ 

,u 

it 

5 

—  ■ 

10 

30 

0 

no 

IT  II 

J 

ti 

it 

5 

10 

40 

o 

00* 

tl            '    *  ' 

1920  ■ 

3 

ii 

H  . 

5    -  • 

5 

90 

o 

00 

*W  II 

D 

#2 

cans 

.  •  5  •.  <  : 

5 

90 

o- 

00 

11  II 

-j 

#2 

ii 

5 

10 

40 

0 

00* 

It  II 

1921 

2 

i; 

it 

5 

__  -. 

5 

■  90 

0 

00 

It  II 

3 

■  f 

1 1 

it 

5 

5 

90 

0 

00 

II  II 

.  2 

it 

ii 

5  . 



5 

105 

0 

00 

ii       V ' 

27 

pt 

. glass 

5- 

„  _ 

10 

45 

0 

00* 

Sweet  potatoes 

1920 

.  3 

qt 

. glass 

5 

90 

0 

00 

ii  it 

9 

tt 

ti 

0-1. 

10 

40 

0 

00 

it  ti 

A 

4 

it 

it 

1$ 

70 

0 

00 

Beef 

1920 

3 

pt 

it 

• 

Sepred 



5 

120 

1 

33 

n 

8 

tt 

ii 

Raw  pnd 



10. 

60 

4 

50 

seared 

f  • 

27 

ii 

ii 

ii 



15 

•  30 

4 

'  15 

n 

4 

ii 

ii 

Seared 



15 

50 

0 

00* 

ii 

4 

ii 

.  -  " 

tt 

.  15 

60 

0 

00* 

n 

8 

it 

ii 

it 



20 

75 

0 

00* 

Chicken 

1920 

5 

ti 

ii 

it 



5 

■30 

0 

00 

it 

6 

ti 

n 

ti 

 • 

5 

60 

1  7 

ti 

12 

it 

Ii'  j 

\aw  and 



5 

90 

1 

8 

seared 

ii 

8 

it 

120 

1 

13 

it 

19 

ii 

it 

ii 

10 

60 

1 

5 

u 

ii 

ii  . 

it 

13 

30 

3 

75 

n 

36 

it 

ii 

ti 

15 

30 

17 

47 

it 

25 

it 

ii 

ii 

15 

bO 

0 

00 

ti 

o 

ii 

it 

ii 

20 

30 

2 

33 

ii 

5 

it 

it 

it 

20 

75 

0 

00 

10 

Tab  1 e  3 ♦     Q  o n  t  i  nu  ■  -  - 


Food 

Year 

Containers 
in  lot 

Blanch- 
ing 
period  ■ 

Cold 

U.  _L  JJ 

Pressure 

Time  of 
processing 

Containers 
spoiled 

• 

No 

• 

Min, 

LbP. 

Min. 

No* 

/o 

Chicken 

1922 

23 

pt . 

glass 

Raw  and 

r-  ■  ' 

-.15 

60 

5 

22  - 

see red 

*•  fat  J 

Lamb  and 

1920 

0 

00 

mutton 

1 

ii 

H 

Seared 

■  i-'  ■ 

120 

10 

if 

H 

ti 

15 

30 

0 

00 

!! 

10 

tt 

It 

it 

\  15 

60 

0 

00* 

M 

1926 

8 

ii 

II 

ii   ••••  - 

15 

'••  40 

0 

0.0 

11 

8 

H 

II 

i  it 

•1,5 

50 

0  ' 

00* 

Perk 

1922 

6 

ti 

U 

it 

15 

9Q 

0 

00* 

Saur  age 

1922 

21 

ii 

H 

;  It 

•  '.15 

90 

0 

'  00* 

Totals 

783 

containers 

. 

i  '  

93 

.12 

Ap  these  tables  show,   considerable  variation  occurred  from  year  to  year  in 
the  s^me  kind  of  food  materials  canned  in  a  similar  manner,  and  there  were  other 
seemingly  inexplicable  variations  during  a  single  season.     These  may  be  due  to 
differences  in  the  number  or  kinds' of  bacteria  originally  .present  in  the  differ- 
ent lots,   or  to  variations  in  the  food  materials'  .themselves. 

The  following  observations  are  made  from  Table  1:  . 

Corn  canned  with  tomatoes  and  processed  only  .two  hours  kept  as  well  as 
corn  alone  which  was  processed  six  hours.     For  this 'vegetable  canned  alone,  the 
longer  periods  of  four,  five,   and  six  hours  were  more  effective  than  two  and 
three  hours.     The  addition  of  as  much  as  4  end  6  tablespoons  of  vinegar  to  a. 
pint  jar. prevented  spoilage,  but  this  much  acid  decidedly  changes  the  flavor, 
of  the  corn. 

Lima  beans  show  high  percentages  of  spoilage  with  even  as  much  as  five 
hours  in  a  water  bath.     One  smrll  lot  given  six  hours  did  not  show  spoilage. 

Peas  and  spinach  gave  high  percentages  of  spoilage  in  most  lots. 

When  string  beans  were  processed  in  pint  glass   tare  or  No.  2  cans,  two  and 
three  hours  sometimes  entirely  prevented  spoilage. 

Cold  dipping  of  vegetables  after  blanching  did  not  give  as  good  results  . 
86  packing  hot.   ."  '  . 

The  meats  and  fish  processed  in  a  water  bath  showed  heavy  spoilage. 
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The  comparison  of  continuous  processing  with  intermittent  processing  shown 
in  Table  2  covers  investigations  mv.de  during  four  years,   .rnd  includes  l,b92 
glass  jars  and  tin  c*ne  of  vegetables.     Cf  those  given  one  period,  40  per  cent 
spoiled,  while  of  the  ones  given  intermittent  processing,  35  Pe^  cent  sooiled. 
However,   only  a.bout  one-third  as  many  containers  were  processed  by  the  inter- 
mittent method  as  by  the  one-period  method. 

The  combined  totals  from  Tables  1  and  2  make  an  aggregate  of  3 .434  jars 
and  cans  of  food,  most  of  which  were  processed  in  a  water  bath.     This  method  as 
well  as  the  other  methods  used  f or  these  groups  gives  inside  the  food  container 
temperrtures  not  higher  than  the  boiling  point  of  water.     Of  the  3»434  jars  and 
cans  of  food,   1,659  or  48  per  cent  showed  spoilage.     Experience  has  shown  that 
serious  cases  of  food  poisoning  may  result  from  the  consumption  of  canned  non- 
acid  foods  which  have  been  processed  at  temperatures  around  212°F. 

Of  the  783  jars  and  ens  processed  by  steam  under  pressure,   93  or  12  per 
cent  spoiled.     (Table  3.)     However,   since  the  processing  periods  used  were  in 
ma,ny  cases  less  than  are  now  recommended  for  the  nonacid  foods,  12  oer  cent 
spoilage  is  undoubtedly  higher  than  would  be  obtained  by  present-day  methods. 
When  only  those  processes  are  considered  which  were  equivalent  in  temperature 
to  present  methods,   the  figures  for  spoilr.ge  become  5  out  of  240  containers, 
or  2  per  cent.     Temperrtures  within  containers  of  food  processed  by  steam 
under  pressure  reach  240°F.  when  the  pressure  is  held  at  10  pounds,  and  250^F. 
when  the  pressure  is  hald.  at  15  pounds. 

Summary 

Experiments  continued  over  a  period  of  10  years  in  the  canning  by  house- 
hold methods  of  4,217  jars  and  cans  of  nonacid  foods  indicate  a  very  decided 
advantage  in  favor  of  steam-pressure  canning  as  compared  with  water-bath 
canning  for  such  food  materials. 

Variations  in  spoilage  occurring  from  year  to  year  and  in  some  cases 
within  the  S8me  year  indicate  differences  in  the  number  or  kinds  of  bacteria 
originally  present,   or  variations  in  the  food  materials  themselves. 

The  foods  most  frequently  lost  were  meats  and  fish,   corn,  lima  beans 
and  peas. 

The  hot  packing  of  vegetables  resulted  in  less  spoilage  than  cold  packing. 

Additions  of  small  quantities  of  acid  in  some  cesea  seemed  to  reduce 
spoilage,  although  this  appears  not  to  be  dependable. 

A  comparison  of  continuous  and  intermittent  water-bath  processing  shows 
in  numerous  instances  lower  percentages  cf  spoilage  in  the  intermittent 
process,  but  many  more  samples  were  canned  by  the  continuous  method. 

All  these  data  are  strong  evidence  of  the  need  of  high  temperatures  for 
the  canning  of  foods  low  in  acidity. 


